Abstract -This paper deals with the technological characterisation of Atlas cedar wood from artificial plantation in South Italy. Atlas cedar seems to be one of the most promising species for reforestation in Central-South Italy, due to its ecological adaptability, quality of standing trees, even without thinnings and pruning, and productivity of the stands. From a 30-year-old stand in Sicily 6 trees were selected in order to analyse the natural durability of wood against fungi, according to European Standards, and the main physical and mechanical properties from clear specimens, according to ISO Standards. The heartwood resulted classified from "durable" to "very durable", while sapwood is "not durable". The wood is quite dense, taking into account the fast-grown characteristics of the stand, but the volumetric shrinkage is limited and the ratio between tangential and radial shrinkages is less than 1.5. Mechanical characteristics show a wood with a quite high ratio of static quality. From first results the Atlas cedar seems to be a promising tree species from ecological and silvicultural point of view.
INTRODUCTION AND AIM OF THE PAPER
The Atlas cedar wood has a fine texture, a fragrant smell and it is easy to be converted.
The aim of the paper is an improvement of the technological characteristics and a valorisation of the wood from Atlas cedar, a forest species largely introduced in southern Italy in reforestations.
Even if they rarely had any thinning or pruning, those artificial plantations showed good increments in many European regions where Atlas cedar has been introduced (France, Italy, Hungary, Bulgaria). That's why many countries started finalised projects toward the improvement of the silvicultural management of existent stands and of the knowledge of that wood, in order to find its best end use.
DISTRIBUTION AND ECOLOGICAL CHARACTERS
The Cedrus genus includes three species native from Mediterranean mountains and one species from Himalaya:
-Cedrus atlantica Manetti, from Algeria and Morocco;
-Cedrus libani Rich., from Asia Minor; -Cedrus brevifolia (Hooker fil.) Henry, from Cyprus; -Cedrus deodara Don, from Afghanistan and southern slopes of western Himalaya.
These species are interfertile, mostly Cedrus libani and Cedrus atlantica, with a lot of ornamental cultivars, frequently giving origin to hybrids.
The Atlas cedar can reach 50 m height and 1.50 m DBH. The species is light demanding and cannot stand too much cold and long winters, withstanding summer droughts only when the year precipitation exceeds the 800 mm.
Cedar needs silicaceous soils, while the carbonatic ones are tolerated when deep and in sufficiently rainy stations. The specie's optimum is located in elevations from 1 400 m to 2 000 m a.s.l., with rainfalls from 900 to 1 500 mm per year.
The young tree has a slender and elegant bearing, as adult shows an expanded crown, without showing the tabular crown typical of the Lebanon cedar, from which it is also differentiated by shorter needles.
Bark is light greyish, smooth and brilliant till about 25 years, and then it cracks in small scales.
The needles are 15-20 mm long, the cones are green, upright, 8 cm long and with a diameter of about 7.5 cm, then smaller than the Lebanon cedar ones. Mature cones are brown.
Seeds are oval and flat, 10-12 mm long, with a 2 cm long wing. The plantula has from 7 to 10 cotyledons.
The indigenous range of the Atlas cedar is this way distributed [3] : -In Morocco: in the Rif Region (about 16 000 ha), in Medium Atlas (about 100 000 ha) and Grand Eastern Atlas (about 10 000 ha); -In Algeria the range of cedar is fragmented, in different ecological regions, with a total extension of about 20 000 ha. In the native range, this species has a good adaptability and lives in high atmospheric humidity regions in Morocco as well as in xerophile environments in other Moroccan and Algerian regions [3] .
In Europe the Atlas cedar was introduced during the first half of 19th century as an ornamental tree and only in a second time for forest purposes. In many European countries and in USA some introduction trials are now under way, in order to evaluate the real diffusion possibility.
The first forest diffusion trials in Italy started during the second half of 19th century in Tuscany.
Starting during the 30's of 20th century some shields plantations were made, mixing cedar with other species, particularly with black pine (Pinus nigra Arnold).
According to some estimations, at present the surface covered by the Atlas cedar in Italy is about 1 000 ha [3] . The highest diffusion is in Tuscany, with recent extensive plantations in Abruzzo, Molise, Calabria, Sardinia and Sicily.
Often it was introduced in chestnut coppices and in oak stands, mixed with Turkey Oak (Quercus cerris L.), pubescent Oak (Quercus pubescens Wild.) and evergreen Oak (Quercus ilex L.), or in Hop Hornbeam (Ostrya sp.) stands, where it forms sparse formations.
The data about the growth in native ranges vary according to the soil and climate conditions and to other factors such as composition, structure, age and cutting system. Increments vary indeed between 1-1.5 and 6-7 m 3 ha -1 per year in the best conditions.
The increments variation recorded in Italy is mostly caused by the soil: average increments are between 3 and 14 m 3 ha -1 per year.
MATERIALS AND METHODS

Materials
The trees utilised for the trials come from thirty years old reforestation plants in Sicily, from mountains located between the Provinces of Palermo and Agrigento.
The forest has a changing exposition from SW to NW and an elevation from 1 090 to 1 250 m a.s.l. Mean precipitations are 800 mm per year.
The soils are clay with sub alkaline reaction, brown, leached, typical of the inner, hilly regions of Sicily.
The stand is mixed, with a percent variation of European Black Pine (Pinus nigra Arnold) and Aleppo Pine (Pinus halepensis Mill.) at lower elevations.
Six trees were randomly selected with following medium characteristics: age = 31 years, H = 12.7 m, DBH = 23.6 cm. The diametric percentage of heartwood at 1.30 m was 36.2%.
From the roundwood the DBH bolts were obtained, from which the radial boards were sawn. For the different purposes the sample were obtained from those boards, according to the scheme on table I.
Methods for natural durability tests
The analysis of the natural durability to wood-destroying fungi (Basidiomycetes) of Atlas cedar wood was performed according to the European standards EN 350-1 and EN 113. Before the test, all the samples were put into a climatic chamber in order to reach the equilibrium m.c. 12%.
The standard previews the calculation of the theoretical oven-dry mass (Mto), obtained from the measurement of the m.c. on another series of oven dried samples, of each test specimen before tests as follows:
where Mu is the mass of the samples to be tested after conditioning.
Each sample was placed side by side with a control sample of sapwood of Scots Pine (Pinus sylvestris L.), as a reference species, selected by the standard for the durability tests on softwoods. The wood was tested for the durability against the following fungi: -Coniophora puteana (Schumacher e Fries) Karsten, strain BAM Ebw. 15; -Poria placenta (Fries) Cooke sensu J. Eriksson strain FPRL 280; -Gloeophyllum trabeum (Persoon ex Fries) Murril, strain BAM Ebw. 109. The calculation of the natural durability was made through the measurement of the mass loss of wood due to a fungal attack under controlled environment (22 ± 1 o C; 70 ± 5% R.H.) after four months.
According to the mass loss due to the fungal attack, referred to the oven dry weight, the wood must be classified on five durability classes (EN 350-1), pointed out by an index (x) calculated from the ratio between percent mass loss of the samples and mass loss of control samples (Scots pine samples) (table II).
Methods for physical and mechanical tests
For physical tests, samples were rewetted through vacuum impregnation in demineralised water, over the f.s.p. Density at 12% m.c. and basic density were measured, according to ISO3131.
Before mechanical testing, the samples were stored in controlled environment in order to reach the 12% m.c.
The mechanical tests were performed on a 20 tons hydraulic computer controlled universal testing machine. The list of performed tests is on table I.
The bending MOE were determined through a dynamic test, developed by Cirad Forêt (Bing 6.1), on the same samples prepared for the bending MOR test. This method has been chosen because it is very quick; furthermore, several authors (e.g. [2] ) demonstrated its reliability, particularly on clear samples.
RESULTS
Natural durability
The mean mass loss on all the Pinus sylvestris reference specimens was 38.87% for Gloeophyllum trabeum, 41.80% for Coniophora puteana, 16.21% for Poria placenta.
The results about natural durability against fungi of Atlas cedar wood will be detailed according to each testing fungal species. It must be noticed that no other durability results about Atlas cedar wood are available in literature.
-Gloeophyllum trabeum: the average mass loss of sapwood is 28% and the durability index is 0.72 (class 4, slightly durable). Heartwood showed a mass loss of 0.5% and a durability index 0.01 (class 1, very durable). -Poria placenta: the Atlas cedar wood gave the best results against this fungus: the sapwood showed a mean mass loss of 10% and a durability index of 0.61 (class 4, slightly durable), as for previous fungus, while heartwood had a mass loss of 1.1% and a durability index of 0.06 (class 1, very durable). -Coniophora puteana: the average mass loss of the sapwood is 39%, the highest, with a durability index of 0.93 (class 5, not durable). The heartwood zone gave good results: the average mass loss is 1.0%, with a durability index 0.02 (class 1, very durable). The mass losses of heartwood for each tree are reported on table III.
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M. Brunetti et al. The percent mass loss of the sapwood is different in a very significant way from heartwood mass loss (see figure 1) : both the near the cambium and near the heartwood regions of sapwood have a durability index included among the class 4 and 5 ("slightly durable" and "not durable"); while the heartwood samples had neglectable percent mass loss with the three fungi, so that it can be considered as "very durable".
Physical and mechanical characteristics
The results of physical and mechanical characterisation of Atlas cedar wood from Southern Italy are summarised on table IV. Table V refers about physical and mechanical properties found on the same species by other authors.
From the physical point of view the most important points are the following:
The wood density is quite similar to that found by other Authors on the same species [6, 8, 3] and it seems quite high, even if the station allowed good increments and wide growth rings (measured average width was about 4 mm) [5] .
Despite that, measured shrinkages were low; the ratio Tangential/Radial shrinkage underlines that this wood is stable and it would allow the opening of very small radial cracks. Also the shrinkage values are on the same line as the literature data [3, 4, 5, 8] .
From the statistical analysis we can underline the presence of standard deviation values rather high. This is due to the presence of anomalous results from one tree, giving uniformly low shrinkage values (mean volumetric shrinkage = 8.95%), while the values obtained from each tree were uniform. The mechanical characteristics are rather good and the ratio of static quality (ratio between parallel compression strength and density at 12% m.c.) of this wood is one of the best, compared to that of the most Italian utilised softwood (Norway spruce) and to that of other species planted in Italy [1] .
Bending and shear strength allow the classification of this wood into the "strong" grade [9] , while taking into account the compression strength and the bending MOE, the Atlas cedar wood is on average strong and yielding.
DISCUSSION AND CONCLUSIONS
As for all the softwood species, the sapwood of Atlas cedar wood showed a low durability and, disregarding their radial position, all the samples are within the "not durable" class.
Whereas in the heartwood the durability trials made against Poria placenta gave highest mass loss, within the "very durable" class. This result is confirmed not only by the analysis of the general data, but also considering the different examined trees and the radial position of the heartwood. This last result is probably due to the young age of the trees (about 30 years old), thus we cannot find difference in heartwood durability, caused by the age of duramification.
The physical and mechanical features have shown a wood characterised by rather good values, highlighting that the wood is very stable and that the structural efficiency of the Atlas cedar wood is high, compared to that of the most utilised softwood species for structural purposes.
From first trials the Atlas cedar wood seems to be suitable for packing and structures, even if its heartwood high durability and dimensional stability could allow, in case of high quality wood, the use for window frames.
The species shows a good ecological adaptability and the quality of the standing trees in artificial plantation seems to be better compared to other softwoods at present used in Southern Italy, such as Pinus halepensis, Pinus radiata and Pinus insignis, even if no cultural operations, like thinnings or pruning were made.
All those characteristics could suggest a larger diffusion of Atlas cedar in artificial plants in Central and Southern Italy, particularly in Sicily, where not only the protection function could be achieved, but also the productive one. About that see also [7] : "Probably within one or two centuries the cedar woodland will be a diffuse landscape in Mediterranean France: a return to the past, since the cedar forests were very important in those regions before the Quaternary glaciations."
Further studies on the heartwood percentage in mature trees, on the impregnability of the sapwood and on durability in ground contact will improve the knowledge of that wood and suggest larger utilisations of Atlas cedar wood. 
